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SYNOPSIS 


A comprehensive laboratory investigation concerning the physical properties of 
structural lightweight concretes containing four commercially available fly ash 
aggregates is described. The compressive strength, modulus of elasticity, unit weight, 
creep, drying shrinkage, splitting tensile strength, and freeze-thaw resistance are 
reported. 

Air-entraining agent requirements were high when fly ash aggregate fines were used. 
As these fines were completely replaced with natural sand fines, the air-entraining 
agent requirements were found to be normal. 

Due to the grading of the fly ash aggregate fines, concretes containing only coarse 
and fine fly ash aggregates were very harsh and difficult to cast. However, concretes 
containing natural sand used as a partial replacement of the fly ash aggregate fines 
were quite workable. 

Since natural sand had to be used in all concretes, the 28-day unit weights were 
limited to a minimum of about 96 lb per cu ft and increased to a maximum of about 
116 lb per cu ft, depending upon the amount of natural sand fines and portland 
cement used. 

The measured physical properties of these four concretes fall within the ranges 
shown in the “Guide for Structural Lightweight Aggregate Concrete” of the American 


Concrete Institute. 


Key Words: compressive strength, concretes, creep (materials), drying shrinkage, fine 
aggregates, fly ash, freeze-thaw durability, lightweight aggregate concretes, lightweight 
aggregates, mix proportioning, modulus of elasticity, splitting tensile strength. 


HIGHLIGHTS 


Estimates have been made that by 1980 
over 40 million tons of fly ash will be 
collected yearly by North American pub- 
lic utilities as a result of burning pulver- 


ized coal.(1)** One successful utilization 
of fly ash is production of lightweight 
aggregates for use in structural concrete. 
Manufacturing processes have been devel- 


oped,(2-6) and several manufacturing 
plants in large metropolitan areas of 
North America were each capable of 
producing 450 to 1,000 tons of fly ash 
aggregates per day in 1968. These plants 
manufacture coarse fly ash aggregates 
with a maximum size of 3/4 in.,f and 
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several also manufacture fly ash aggregate 
fines. 

During the past 15 years the Portland 
Cement Association has studied over 20 
structural lightweight concretes contain- 
ing expanded clay, slag, shale, and slate 
aggregates. The studies of physical prop- 
erties and structural performance were 
extended to fly ash aggregates in 1965. 

The research undertaken on four com- 
mercially available fly ash aggregates is 
comparable to previous PCA studies of 
other aggregate types for lightweight con- 


crete.(7-11) Two of these four aggregates 
were produced only in the coarse size so 
that two concretes could be made only 
with natural sand fines. The other two 
aggregates were produced in the coarse 
and fine sizes. It was observed that 
concretes containing only coarse and fine 
fly ash aggregates were very harsh and 
difficult to cast and consolidate due to 
the grading characteristics of the fly ash 
aggregate fines. However, concretes con- 


taining natural sand fines used as a partial 
replacement of the fly ash aggregate fines 
were quite workable. These two concretes 
required a minimum sand replacement of 
approximately 30 percent for good work- 
ability. Consequently, they were propor- 
tioned to contain 33-1/3, 66-2/3, and 100 
percent natural sand by volume in re- 
placement of their fly ash aggregate fines 
to provide a comparison with previous 
tests. 

All concretes were proportioned to 
have a slump of 2 to 3 in., measured air 
contents of 5 to 7 percent, and portland 
cement contents ranging from 376 to 940 
Ib per cu yd. Large amounts of air- 
entraining agent were required to entrain 
6 percent air when fly ash aggregate fines 
were used. As the fly ash fines were 
completely replaced with natural sand 
fines, the air-entraining agent require- 
ments were found to be normal. 

Compressive strength, modulus of elas- 
ticity, unit weight, creep, drying shrink- 
age, splitting tensile strength, and freeze- 
thaw resistance were measured. They 
were similar to previously published data 
for other commonly used lightweight 
aggregates.(7-1!) Since natural sand had 
to be used in all concretes, the 28-day 
unit weights were limited to a minimum 
of about 96 Ib per cu ft and increased to 
a maximum of about 116 |b per cu ft, 
depending upon the amount of natural 
sand fines and portland cement used. The 
physical properties of these four fly ash 
aggregate concretes were within the 
ranges shown in the ACI “Guide for 
Structural Lightweight Aggregate Con- 


crete.”(12) 


TEST PROGRAM 


Four fly ash aggregates were evaluated 
and the physical properties of plastic and 
hardened concretes were studied. Prior to 
production of concretes, the grading char- 
acteristics and the pycnometer specific 


gravity factors(13) of the aggregates were 
measured. Natural sand was used in two 
of the concretes as a partial or complete 
replacement of the fly ash aggregate fines. 

In the first phase of the study, air- 
entrained concretes were produced with a 
variable portland cement content and 
evaluated as to properties of plastic con- 
crete and the compressive strength, mod- 
ulus of elasticity, and unit weight charac- 
teristics of hardened concrete. Mix pro- 
portions for nominal 3,000- and 5,000-psi 
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concretes were then selected for the 
second phase to study creep, drying 
shrinkage, splitting tensile strength, and 
freeze-thaw resistance. 


LABORATORY WORK 


Aggregates 


The four fly ash aggregates and the 
normal-weight Elgin sand were used in 
their commercial gradings. Typical screen 
analyses, fineness moduli, dry loose unit 
weights, pycnometer specific gravity fac- 
tors, and chemical analyses are given in 
Table 1. A short description of the 
aggregates follows: 


Aggregates 20, 22, and 24 are spheri- 
cally shaped fly ash aggregates which are 
pelletized in inclined rotating pans and 
then fired on a sintering grate. The fine 
fly ash aggregates for Aggregates 22 and 
24 are obtained by crushing coarse aggre- 
gate particles. 

Aggregate 23 is a cylindrically shaped 
fly ash aggregate which is extruded and 
then fired on a sintering grate. 


Aggregate 8 is normal-weight Elgin, 
Ill., sand. 


Concrete Mixes and Specimens 


In the first phase, concretes were pro- 
duced with nominal cement contents of 
376, 564, 752, and (in one case) 940 Ib 
per cu yd to cover the range of 28-day 
compressive strengths of 3,000 to 6,000 
psi. All concretes were proportioned to 
have a 2- to 3-in. slump and measured air 
content of 5 to 7 percent. All specimens 
were 6x12-in. cylinders moist-cured for 7 
days and then allowed to dry at 73 F, 50 
percent relative humidity. A summary of 
the medium cement content (564 Ib per 
cu yd) mixes from the first phase study is 
given in Table 2. 

In the second phase, concretes were 
proportioned from the data obtained in 
the first phase to produce 28-day com- 
pressive strengths of 3,000 and 5,000 psi. 
Slump and air content were maintained at 
2 to 3 in. and 5 to 7 percent, respectively. 
Mix proportions for these concretes are 
given in Table 3. Sufficient concrete of 
each strength was produced to fabricate 
twenty 6x12-in. cylinders for creep, dry- 
ing shrinkage, splitting tensile strength, 
compressive strength, and modulus of 
elasticity measurements. In addition, 
three 3x3x11%-in. prisms were cast from 
each concrete for freeze-thaw testing. 


TABLE 1. Typical Gradation, Dry Loose Unit Weights, Specific Gravity Factors, 


and Chemical Composition of Aggregates 


Aggregate 
22 


pony 
ee 


Aggregate Aggregate 
Laboratory 20, 23, 
analysis coarse coarse Coarse Fine ine 
Gradation, 
cum. percent 
retained 
by sieve: 
3/4-in. _ 
3/8-in. _ 
No. 4 — 
No. 8 18 
No. 16 33 
No. 30 57 
No. 50 87 
No. 100 95 
Pan 100 
Fineness 2.90 
modulus 
Dry loose 
unit weight, 107 
Ib/cu ft 
Pycnometer 
specific grav- 2.73 


ity factor* * 


Chemical 
composition, 

percent: 
SiO, 46.90 51.64 50.22 
Al,O 23.32 19.67 19.79 
Fe,O 16.15 19.02 17.45 
CaO 4.52 3.64 3.76 
MgO 1.10 1.34 1.70 
so, 0.69 0.59 0.54 
Ignition loss 5.05 1.81 1E23 
Na,O 0.81 0.16 0.19 
K,0 ai2 CRANE 2.21 


45.70 53.82 = 
25.39 25.58 = 
15.79 11.74 = 
5.52 2.27 - 
1.35 0.89 - 
0.33 0.33 = 
0.46 3.37 = 
0.23 0.86 = 
1.76 1.88 = 


*Normal-weight Elgin, IIl., sand. 


**See Reference 13. 


Fabrication, Curing, and Testing 


Proportioning and placing procedures 
were in accordance with the ACI Recom- 
mended Practice 613A-59 as modified by 
the recommendations of PCA Bulletin 


183.13) All aggregates were introduced 
into the mixer in an air-dry condition 
with a moisture content of less than 1 
percent by weight. The aggregates and 
two-thirds of the mixing water were 


mixed for 2 minutes. Then the cement, 
air-entraining agent, and remaining water 
were added and mixing continued for 3 
additional minutes. Slump and air con- 
tent measurements were then made. The 
6x12-in. cylinders were consolidated by 
internal vibration and the 3x3x11%-in. 
prisms consolidated by table vibration. 
Cylinders for 7- and 28-day compres- 
sive strengths and modulus of elasticity 
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TABLE 2. Mix Proportions of Medium Cement Content Concretes—Phase | Study 


5 Quantities per cubic yard of concrete 
ee ares 


Air content Air- Plastic 

Aggre- of fines aggregate, (Roll-A- entraining unit 
gate with sand, percent Water ,* Meter), agent,tt weight, 
no. percent by volume Ib Bags* * Lb Coarse Fine Sandt percent ml/Ib cement | Ib/cu ft 


20 100 50 439 5.9 555 918 0) 1,305 5.5 4.4 119.2 
Pup) 33-1/3 65 474 3:9 555 491 754 543 Ts} TAS) 104.1 
66-2/3 58 458 6.2 583 637 364 1,046 4.9 5.0 114.3 

100 53 410 6.0 564 711 0 1,430 6.7 4.5 11622 

23 100 51 440 6.0 564 911 0 1,326 Bye) 3.3 120.0 
24 33-1/3 60 475 5:9 555 616 716 502 6.5 10.5 106.2 
66-2/3 55 418 5.9 555 726 344 965 6.1 8.0 111.4 

100 51 368 5.8 545 817 0 1,387 6.3 4.5 At5=2 


*Gross water content. 

**94-\b bags, a blend of four commercial Type! brands. 
tNormal-weight Elgin sand. 

ttA 2.25 percent water solution of neutralized vinsol resin. 


TABLE 3. Laboratory Mix Proportions for Nominal 3,000- and 5,000-psi Concretes—Phase II Study 


Quantities per cubic yard of concrete 


Replacement | Total fine Air content Air- Plastic 

Aggre- of fines aggregate, (Roll-A- entraining unit 
gate with sand, percent Le aie Meter), agent,tt weight, 
no. percent by volume re percent ml/Ib cement | Ib/cu ft 


Nominal 3,000-psi concretes 


100 


33-1/3 
66-2/3 
100 


22 


23 100 


33-1/3 
66-2/3 
100 


24 


*Gross water content. 

**94 Ib bags, a blend of four commercial Type | brands. 
+Normal-weight Elgin sand. 

+tA 2.25 percent water solution of neutralized vinsol resin. 
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measurements were moist-cured for 7 
days and then allowed to dry for 21 days 
at 5O percent relative humidity. The 
compressive strength was determined in 
accordance with procedures of ASTM 
C39-66.(1 4) 

The unit weight of concrete at 28 days 
was determined in accordance with pro- 
cedures of ASTM C330-68T.{!4) The 
same cylinders were used to determine 
unit weight after 7 days of moist-curing. 

Creep and drying shrinkage specimens 
were moist-cured for 7 days and testing 
began on the seventh day when the 
cylinders were transferred to a 50 percent 
relative humidity environment. The nomi- 
nal 3,000- and 5,000-psi concretes were 
subjected to a sustained load at stresses of 
750 and 1,500 psi, respectively. Unloaded 
cylinders were provided for measurement 
of drying shrinkage. The creep test appa- 
ratus used has been described and illus- 
trated by Shideler.( 5) 

The splitting tensile strength was 
determined by the method of ASTM 
C496-66.°%) Fourteen cylinders from 
each concrete mix were used. Six were 
kept continuously moist for 28 days; 
eight were moist-cured for 7 days and 
then allowed to dry for 21 days at 50 
percent relative humidity in accordance 
with the 1963 ACI Building Code. ©) 

The 3x3x11%-in. prisms made from 
each concrete mix for freeze-thaw testing 
were moist-cured for 14 days and then 
allowed to dry for 14 days at 50 percent 
relative humidity. They were immersed in 
water for 3 days prior to starting the 
freeze-thaw cycles at age 31 days. Two 
cycles of freezing and thawing per day 
were applied while the specimens were 
continuously immersed in tap water. 
Testing procedure details have been given 
by Klieger and Hanson”) and test re- 
sults are comparable to those obtained by 
the procedures of ASTM C290-67.(!4) 
The prisms were measured periodically 
for changes in fundamental transverse 
frequency (ASTM C215-60),(4) length 
(ASTM C157-66T),4 and weight. 

Accompanying compressive strength 
and modulus of elasticity measurements 
were also made in the second phase of 
this study. 


PLASTIC CONCRETES 


During trial mixes with the two concretes 
containing only coarse and fine fly ash 


AGG. NO. 20 AGG. NO. 22 AGG. NO. 23 AGG. NO. 24 
CEMENT CONTENT, kg/m? 
7 200 350 500 200 350 500 200 350 500 200 350 500 
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Fig. 1. Effects of cement content and natural sand content—compressive strength, 


modulus of elasticity, and unit weight. 


aggregates, it was observed that the mix- 
tures were harsh and difficult to cast due 
to the grading characteristics of the fly 
ash aggregate fines. Subsequent trial 
mixes with natural sand used as partial 
replacement of the fly ash aggregate fines 
proved to be quite workable. A minimum 
replacement of 33-1/3 percent was con- 
sidered desirable, but 66-2/3 and 100 
percent replacements were also investi- 
gated. 

It was found that large amounts of 
air-entraining agent were required to 
entrain 6 percent air when fly ash aggre- 
gate fines were used. This is attributable 
to the fineness of fly ash fines, which 
typically have 15 to 20 percent passing 
the No. 100 screen. As the fly ash fines 
were replaced with natural sand fines, the 
vinsol resin requirements dropped signifi- 


cantly (see Tables 2 and 3). 

The plastic unit weight of concretes 
containing 33-1/3, 66-2/3, and 100 per- 
cent natural sand fines ranged from 104 
to 108, 110 to 115, and 115 to 121 lb 
per cu ft, respectively. 


HARDENED CONCRETES 


Compressive Strength 


The 28-day compressive strength data 
obtained during both phases are shown in 
Fig. 1. Detailed compressive strength data 
are given in Tables 4 and 5. 

The 28-day compressive strengths 
ranged from 3,000 to 6,500 psi, depend- 
ing upon the aggregate, cement content, 
and natural sand content. The data in Fig. 
1 show the effects of portland cement 
content and natural sand content. Most 


{ these concretes had compressive 
“engths which increased rather uni- 
imly as both portland cement content 
j1 natural sand content increased. How- 
i'r, Aggregate 20 concrete had a limit of 
inpressive strength of about 4,500 psi 
i1 Aggregate 22 concrete showed no 
efit beyond 66-2/3 percent sand 
j»lacement. 


idulus of Elasticity 

-e 28-day modulus of elasticity data 
itained during both phases are also 
Hwn in Fig. 1. Detailed data are given in 
vbles 4 and S. 

iThe modulus is affected by the com- 
pssive strength and unit weight levels, 
‘ich in turn are both significantly 
lected by the natural sand content. The 
}asured values ranged from 1.9 to 2.8 
llion psi. In comparing these measured 


i 
/ 


‘ues with those calculated by design 
uation | te 33w! Vf of the Ameri- 


1 Concrete Institute,“ ©) good agree- 
»nt was found when the compressive 
ength was about 5,000 psi. At the 
)00- and 6,000-psi strength levels, how- 
er, the moduli were about 10 percent 
zher and 20 percent lower than calcu- 
ed, respectively. 


nit Weight 

1e 28-day unit weight data obtained 
wing the first phase study are shown in 
g. 1. Detailed unit weight data are given 
Table 4. 

The 28-day unit weights increased 
ther uniformly as the natural sand 
mtent increased. For 33-1/3, 66-2/3, 
id 100 percent natural sand fines, the 
-day unit weights ranged from 96 to 
13, 104 to 109, and 108 to 118 lb per 
| ft, respectively. Unit weights for a 
ven natural sand content increased 
out 5 lb per cu ft as the portland 
ment content increased from 376 to 
92 Ib per cu yd. 


‘eep 
le measured one-year creep and corre- 
onding unit creep coefficients deter- 


ned as described previously !> 15) are 
en in Table 5. The average unit creep 
efficients of the 5,000-psi concretes 
sre approximately 25 percent less than 
ose of the corresponding 3,000-psi con- 
stes. When the sand fines were in- 
eased from 33-1/3 to 66-2/3 percent, 
e unit creep coefficients were reduced 
ym 14 to 40 percent. However, when 
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TABLE 4. Measured Compressive Strength, Modulus of Elasticity, 


and Unit Weight—Phase | Study 


Replacement 
Aggre- of fines 
gate with sand, 
no. percent 


Compressive 


Nominal 4 
it strength, psi 


cement 


*94-lb bags per cubic yard of concrete. 


the sand fines were increased from 66-2/3 
to 100 percent, the unit creep coeffi- 
cients increased slightly. 

The one-year unit creep coefficients 
determined from the four concretes con- 
taining 100 percent natural sand fines 
ranged from 0.94 to 1.17 and 0.74 to 
0.93 millionths/psi for the nominal 
3,000- and 5,000-psi concretes, respec- 
tively. 

Several creep tests continued for two 
years, and it was found that the one-year 
creep averaged about 93 percent of the 
two-year creep. This average agrees with 
previously published data and therefore 
ultimate creep coefficients for these fly 
ash aggregate concretes may be estimated 


Modulus of 


elasticity, 10° psi Unit weight, Ib/cu ft 


by assuming the one-year creep equal to 
85 percent of ultimate creep.(! !) 


Drying Shrinkage 

Measurements of the one-year drying 
shrinkage of the nominal 3,000- and 
5,000-psi concretes are given in Table 5. 
The average drying shrinkage of the 
5,000-psi concrete was approximately 30 
percent greater than that of the compa- 
rable 3,000-psi concrete. When the per- 
centage of natural sand fines was in- 
creased, the drying shrinkage was 
reduced. Concretes containing 100 per- 
cent sand fines had 10 to 30 percent less 
drying shrinkage than those containing 
33-1/3 percent sand fines. 


6 Fly Ash Aggregate Lightweight Concrete 


The one-year drying shrinkage of the TABLE 5. Measured Compressive Strength, Modulus of Elasticity, Creep, 
four concretes containing 100 percent and Drying Shrinkage—Phase || Study 


sand fines ranged from 445 to 610 and 

570 to 770 millionths in. per inch for the Replacement] Compressive ee ic cheer 
i I: -Dsj of fines Ses psi elasticity, psi 

eae site and 5,000-psi concretes, Tueate; creep a pice tr veer, 

one ee é inte pane: ; percent 28 | 28 days | 10 °in./in. 10 ’/psi 
everal drying shrinkage tes - 


tinued for two years and it was found 
that the one-year shrinkage averaged 
about 96 percent of the two-year shrink- 
age. Ultimate drying shrinkage for these 
fly ash aggregate concretes may be esti- 
mated by assuming the one-year shrink- 
age equal to 89 percent of ultimate 


drying shrinkage.(! 1) 


1,790} 3,070 1.81 2.16 
100 3,830 ; 4,410 2.44 2.20 1,400 


Splitting Tensile Strength 


Splitting tensile strengths were deter- 
mined according to the procedure of 
ASTM C496-66, which provides for either 
continuous moist-curing for 28 days, or 7 
days of moist-curing followed by 21 days 
of drying at 50 percent relative humidity. 
The latter is in accordance with the 1963 
ACI Building Code. 6) Both curing pro- 
cedures were used in this study and the 
splitting tensile strengths are given in 
Table 6. 

The splitting tensile strengths deter- 
mined in accordance with the 1963 ACI 
Building Code ranged from about 310 to 
400 psi. These splitting tensile strengths 


increased with increasing compressive TABLE 6. Measured Splitting Tensile Strength—Phase II Study 


strength of concrete. The splitting 


strengths of Aggregate 24 concretes were Replacement 28-day Splitting tensile 
of fines compressive strength, psi Splitting tensile 


significantly increased when the natural Roe atiieoka srenala aaa ae. 
sand content was increased. However, gate no. marceme ie aicariieoud 
Aggregate 22 concretes showed little 

improvement in splitting strength due to 
increased natural sand content. 

These data can be compared with the 
splitting tensile strength data previously 
obtained from Elgin sand and gravel 
concrete) as follows: 


1. When the concretes were contin- 
uously moist-cured for 28 days prior to 
test, the fly ash aggregate concretes had 
splitting tensile strengths ranging from 90 
to 120 percent of comparable normal- 
weight Elgin concrete. This observation 
has been made with other types of 


lightweight aggregate concretes.(9) 


2.When the concretes were moist- 
cured for 7 days and then allowed to dry 
for 21 days at 50 percent relative humid- 
ity, the fly ash aggregate concretes had 
reduced splitting tensile strengths as com- 


pared to the Elgin sand and gravel “00s *7 days of moist-curing followed by 21 days of drying at 73 F, 50 percent relative humidity. 
crete. The 3,000-psi concretes had split- **28 days of moist-curing. 


; Strengths ranging from 84 to 104 
‘cent of those of the 3,000-psi normal- 
ght Elgin concrete. The splitting 
of the 5,000-psi concretes 
iged from 68 to 79 percent of those of 
# 5,000-psi Elgin concrete. Similar 
jervations have been made with other 
ves of lightweight aggregate con- 
ites. (9) 


beze-Thaw Resistance 
| 


e results of the freeze-thaw tests are 
‘en in Table 7. The durability of these 
-entrained fly ash aggregate concretes 
, very good. All of the properly air- 
trained concretes had durability factors 
er the 300-cycle test ranging from 91 
101. The 5,000-psi Aggregate 20 con- 
te had a low air content of only 3.8 
Pent and the resulting durability factor 
is 69. 

|The compressive strength and natural 
ad content of the concrete had little 
fect on the expansion measurements, 
ative dynamic modulus of elasticity, 
d computed durability factors. How- 
er, the weight change characteristics 
2re affected by the compressive strength 
vel and 5,000-psi concretes had less 
sight loss during the testing than did the 
mmparable 3,000-psi concretes. 


C! Lightweight Guide 


ae measured physical properties of these 
ur concretes were compared with the 
nges of data shown in Chapter 4 of the 
CI “Guide for Structural Lightweight 


esregate Concrete.”(!2) The properties 
easured in this study were found to fall 
ithin the ranges shown in the ACI 
uide. 


INCLUDING REMARKS 


1e physical properties of structural 
htweight concretes containing four 
fferent commercially available fly ash 
gregates were studied. Air-entraining 
ent requirements were high when fly 
h aggregate fines were used. As these 
ves were completely replaced with 
tural sand fines, the air-entraining agent 
quirements were found to be normal. 
Due to the grading of the fly ash 
gregate fines, concretes containing only 
arse and fine fly ash aggregates were 
ry harsh and difficult to cast. However, 
mcretes containing natural sand used as 
partial replacement of the fly ash 
gregate fines were quite workable. 
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TABLE 7. Measured Results of Freezing and Thawing Test—Phase II Study 


28-day Air 


Relative 


Replacement com- content dynamic Durability 
Aggre- of fines pressive | (Roll-A- | Expan- | Change in modulus factor 
gate with sand, | strength, | Meter), sion,* weight, * of elasticity, * (ASTM 
no. percent psi percent | percent percent percent C290) 


100 3,070 6.1 0.022 | -2.0 
100 4,410 3.8 0.046 | -0.5 


100 3,180 5.4 0.016 | -0.8 
100 4,600 6.1 0.020 } +1.6 


101 
100 


2,950 6.1 0.017 | —5.9(275) 
—7.9(250) 92 
Sh} 96 
+0.5 92 
-0.8 96 


0.0 


*All tests were terminated after 300 cycles. Numbers in parentheses are cycles at which the weight 


loss exceeded 5.0 percent. 


CONVERSION FACTORS-British to Metric Units of Measurement 


Multiply By 


To obtain 


Inches 2.54 


Centimeters 


16.0185 
0.5933 
0.0703 


Pounds per cubic foot Kilograms per cubic meter 


Pounds per cubic yard Kilograms per cubic meter 


Pounds per square inch 


14.223 


10° in./in./psi 


Since natural sand had to be used in all 
concretes, the 28-day unit weights were 
limited to a minimum of about 96 lb per 
cu ft and increased to a maximum of 
about 116 lb per cu ft, depending upon 
the amount of natural sand fines and 
portland cement used. 

Compressive strength, modulus of elas- 
ticity, unit weight, creep, drying shrink- 
age, splitting tensile strength, and freeze- 
thaw resistance were similar to previously 
published data for other types of light- 


weight aggregate concrete.(7"!!) 
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